Background: Ultrasound is a versatile imaging modality that can be used by upper extremity surgeons for diagnostic purposes and guided injections. The perceptions of ultrasound for diagnosis and treatment among upper extremity surgeons and its barriers for adoption have not been formally surveyed. The purpose of this study is to determine the current usage of musculoskeletal ultrasound for diagnostic purposes and guided injections by upper extremity surgeons and their reasons for using it or not using it in practice. Methods: A 22-question survey was distributed to the American Society for Surgery of the Hand (ASSH). The survey questions consisted of respondent characteristic questions and questions pertaining to the use of ultrasound. Chi-square analysis was performed to assess for a difference in ultrasound usage across respondent characteristics. Results: Three hundred four (43%) answered that they have an ultrasound machine in their office; Fifty-one percent (362) of the respondents use ultrasound for diagnostic purposes. Fifty-five (8%) of the survey respondents use ultrasound to diagnose carpal tunnel syndrome; 168 (23.5%) respondents reported that they use ultrasound for guided injections. There was a statistically significant difference between access to an ultrasound machine in the office by practice setting and use of ultrasound for diagnostic purposes by practice setting. Conclusions: The use of ultrasound by upper extremity surgeons is split for diagnostic purposes, with fewer surgeons using ultrasound to diagnose carpal tunnel syndrome and guided injections. Ultrasound machine availability and the use of ultrasound for diagnosis appear to be influenced by practice setting.
Introduction
Ultrasound is a versatile imaging modality that can be used by upper extremity surgeons for diagnostic purposes and guided injections. Previous studies have demonstrated its ability to diagnose a variety of upper extremity conditions, such as carpal tunnel syndrome [5] [6] [7] 9, 10, 12, [21] [22] [23] and rotator cuff injuries. 1, 8, 17, 19 A recent prospective study found ultrasound had a better specificity and equal sensitivity compared with nerve conduction studies in a group of patients with clinical evidence of carpal tunnel syndrome. 7 A meta-analysis performed by de Jesus et al found that ultrasound and magnetic resonance imaging (MRI) had comparable sensitivity and specificity for diagnosis of full-thickness rotator cuff tears. 3 Roy et al suggested that ultrasound was a better option compared with MRI and magnetic resonance arthrography when considering accuracy, cost, and safety. 16 Although accuracy of therapeutic injections is a multifactorial process that is dependent on physician experience and anatomic region, previous studies have found ultrasoundguided injections to be superior in accuracy compared with palpation-guided injections in the shoulder, 2, 4, 14, 15, 20 elbow, 2 and hand joints. 2, 11 Ultrasound-guided injections also have the benefit of being a diagnostic modality in addition to therapeutic intervention. Some studies have found that ultrasoundguided injections are associated with better clinical outcomes compared with palpation-guided injections. A randomized clinical trial demonstrated a statistically and clinically significant improvement in shoulder pain and function 6 weeks after injection with ultrasound guidance compared with landmark guidance. 18 A retrospective clinical study concluded that ultrasound-guided acromioclavicular joint injections for osteoarthritis resulted in better pain and functional status at 6 months follow-up compared with palpation-guided injections. 13 The perceptions of ultrasound for diagnosis and treatment among upper extremity surgeons and its barriers for adoption have not been formally surveyed. The purpose of this survey study is to determine the current usage of musculoskeletal ultrasound by upper extremity surgeons and their reasons for using it or not using it. We will also analyze hand surgeon responses across demographic factors to assess whether or not these factors may influence ultrasound usage. The goal of the study is to provide a cross sectional overview of the current use and perceptions of ultrasound among upper extremity surgeons.
Materials and Methods
After obtaining institutional review board approval, a 22-question survey was created using Qualtrics survey software. The survey questions consisted of respondent characteristic questions and questions pertaining to ultrasound usage (see Appendix). After approval from the American Society for Surgery of the Hand (ASSH), the survey was sent to 3720 ASSH members through email in September 2015. Participation was voluntary and access to the survey was granted through invitation only. A second reminder email was sent 7 days after the initial email. The survey was closed after 14 days. The survey results were compiled and analyzed using SPSS statistical software.
Exclusion criteria were applied after the survey was conducted. Incomplete surveys were excluded from our analysis. Since we wanted to include responses only from practicing surgeons, respondents who answered "No" on Question 1 (see Appendix) and answered "I am not currently practicing surgery" on Question 5 (see Appendix) were also excluded.
We performed chi-square analysis to compare ultrasound usage across respondent characteristics. We compared ultrasound availability, ultrasound use for diagnostic purposes, and ultrasound use for guided injections across practice setting. Respondents who answered "Other" for practice setting were excluded from this chi-square analysis as we could assume category homogeneity. Similarly, we performed cross tabulation and chi-square analysis between ultrasound use for diagnostic purposes and ultrasound use for guided injections across number of years post-training.
Results
A total of 3720 email invitations were sent to the ASSH membership list and 3655 emails were successfully delivered. We received 801 responses, yielding a response rate of 22%. Please refer to Figure 1 for a flowchart of the exclusion criteria. After the exclusion criteria were applied, a final sample size of 714 (19%) respondents remained for further analysis.
Respondent Characteristics
Please refer to Table 1 for a description of the survey respondent residency and fellowship backgrounds. Of the 692 respondents who completed a residency, 95 (14%) of them completed their training 0 to 2 years ago, 95 (14%) 3 to 5 years ago, 74 (11%) 6 to 10 years ago, 95 (14%) 11 to 15 years ago, and 333 (48%) more than 16 years ago. Please refer to Table 2 for a description of practice type.
General Ultrasound Questions
Three hundred four (43%) answered that they have an ultrasound machine in their office. Fifty-one percent (362) of the respondents use ultrasound for diagnostic purposes. Of the 363 respondents who use ultrasound for diagnostic purposes, 32 (9%) have been using ultrasound for diagnostic purposes for less than 1 year, 133 (37%) for 1 to 3 years, 55 (15%) for 3 to 5 years, 142 (39%) for more than 5 years.
Ultrasound in Diagnosing Carpal Tunnel Syndrome
Fifty-five (8%) of the survey respondents use ultrasound to diagnose carpal tunnel syndrome. Of those who use ultrasound to diagnosis carpal tunnel syndrome, 32 (58%) utilize it for patient comfort, 29 (53%) for ease of use, 27 (49%) for good accuracy, and 21 (38%) answered "Other." For those who said they do not use ultrasound to diagnosis carpal tunnel syndrome, 328 (50%) answered it was because ultrasound is not as accurate as nerve conduction studies, 210 (32%) said it was because they do not have an ultrasound machine in their office, 156 (24%) want to evaluate other nerves with the conduction studies, 144 (22%) said it was because they cannot evaluate the severity, 141 (21%) answered they are too busy to use ultrasound in the office for diagnostic purposes, and 153 (23%) answered "Other." Of the respondents who answered "Other," 48 of the respondents mentioned in the textbox that ultrasound is not necessary for the diagnosis of carpal tunnel syndrome.
Ultrasound-Guided Injections
One hundred sixty-eight (23.5%) respondents reported that they use ultrasound for guided injections. For those who do not use ultrasound for guided injections, 377 (69%) do not think ultrasound is necessary for guided injections, 232 (42%) answered it is because they do not have an ultrasound machine in their office, 60 (11%) reported lack of confidence in using ultrasound-guided injections, and 71 (13%) answered "Other." For those who use ultrasound for guided injections, 159 (95%) do it for improved accuracy, 72 (43%) for patient satisfaction, and 21 (13%) answered "Other." Please refer to Table 3 for a description of the anatomical areas in which ultrasound-guided injections are reported to be performed.
Ultrasound in Diagnosing Shoulder Pathology
Three hundred twenty-seven (46%) of the respondents said that they treat shoulder pathology in their practice. Of these HAND 12 (1) 
Chi-Square Analysis
Please refer to Figures 2 to 6 for the cross tabulated frequencies and percentages between respondent characteristics (practice type and number of years post-training) and ultrasound use. Please refer to Table 4 for the corresponding chisquare analysis results.
Discussion
Despite evidence that ultrasound is a cost-effective and accurate diagnostic modality for a variety of upper extremity conditions, the majority of respondents to our survey do not have personal access to an ultrasound machine in the office setting. Despite less access to ultrasound, academic surgeons are more likely to use ultrasound for diagnostic purposes compared with surgeons in small, medium, and large private practices. The differences however, are not particularly significant, which suggests that physician preference for the use of ultrasound does not impair diagnosis. The majority of the respondents in our survey do not use ultrasound as a modality to diagnose carpal tunnel syndrome. The primary reason that our respondents did not use ultrasound to diagnose carpal tunnel syndrome was a belief that ultrasound is not as accurate as nerve conduction studies. For the respondents who do use ultrasound to diagnose carpal tunnel syndrome, the majority selected patient comfort as the reason for using ultrasound. Finally, the majority of the respondents in the survey do not use ultrasound for guided injections. The overall trend of the survey study demonstrates that ultrasound has not been universally embraced by upper extremity surgeons for diagnostic purposes or for therapeutic joint injections, which may be attributed to a variety of factors. There was a trend toward increased access to ultrasound in larger private practice settings. There is a substantial financial investment in owning a portable ultrasound machine and declining reimbursement for diagnostic ultrasound and ultrasound-guided injections may make ownership less feasible from a financial standpoint. With the unpredictable reimbursement trends for office ultrasound evaluation and ultrasound-guided injections, ultrasound machine investment may or may not be cost-effective depending on the region's reimbursement protocol. While questions regarding physician reimbursement with diagnostic ultrasound and ultrasound-guided injections and whether these factors influenced the adoption of ultrasound were not asked in detail in the survey, these may be interesting questions to focus on in future survey studies. Furthermore, performing injections under ultrasound guidance may require a considerable amount of additional time to complete compared with traditional palpation guidance, which may ultimately delay clinic workflow.
There was no statistically significant difference in use of ultrasound for diagnostic purposes or use of ultrasound for guided injections between numbers of years post-training. One hypothesis prior to conducting this survey was that the surgeons who have been in practice many years and have not been trained in the use of ultrasound for diagnosis or joint injections may be more resistant to diverging from traditional methods and adopting the use of ultrasound. However, the survey results suggest that number of years in practice for upper extremity surgeons does not significantly influence the adoption of ultrasound. We were unable to compare ultrasound usage between different training disciplines because the vast majority of the respondents in our sample were orthopedic residency-trained and hand fellowship-trained surgeons. For future studies, it may be interesting to compare ultrasound usage between different training backgrounds, particularly in the usage of ultrasound in diagnosis or treatment for shoulder pathology between hand fellowship-trained and sports medicine or shoulder fellowship-trained surgeons.
One limitation with this study is response bias, reflected in our survey response rate of 22%. Because our survey invites were conducted through email to a professional society and that participation was voluntary, a low survey response rate should not be unexpected. Email was the most appropriate method of invitation given the purpose of our study. Despite the relatively smaller sample size in our study, we believe we were able to capture a representative sample based on the balanced distribution between the respondent characteristics, such as practice setting and number of years they have been in practice after their residency and fellowship training. Although we do not believe that there was a compromise in survey response quality, the possibility of response bias will need to be taken into consideration when interpreting the data. 
